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ABSTRACT: 

PROBLEM TO BE SOLVED: To improve the transfer efficiency of a data signal to a data signal line 
group by adjusting the latency of plural semiconductor storage devices. 

SOLUTION: A .conimand.ciock signal line 701 and a command address signal line group 702 are 
respectively connected to a .c.om.mMd..cj.ock output terminal and a comrnand address ou^ut terminal of a 
memory...control}er. 7 and a data clock signal line 705 and a data signal line group 703 also are 
respectively connected to a data clock input terminal and a data I/O terminal of the controi ler 7. To these 
signal line groups 701-703 and 705, plural semiconductor storage devices 1 are connected in series. 
When the signal transmission delay time of respective signal lines 701-703 and 705 exceeds the 
frequency of a CQnima.n.d..elQck signal and/or a data clock signal to be inputted/outputted to/from the 
contr oller 7, the latency of these storage devices 1 is controlled. 
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tX . mi^ * 'J n y h n— 7 tfOr- A*il^ ±-C'<7) 

yvxi-y \zm^wm',zm ttzv^r- y->com&mm 
xhi>^tt:mit-t^n^m2izimcr>mi^B^m 

^ y a y h o - 5 A» ^> c?) a •? y h* ^' o «y ^' t a V y 

\^7VUxm^t tcS-o'v r 3 - K § ^ifc V T y 30 

n <y v^T § ni. D L Lft^fc S: A^i t 

LT. ^^#:iEM^a^^^'J3ybn-7tci^-r^SE 

ji(c:jEti^^b-^ Ty-xTimmmmmc^mfi^u v^mn 
iT-^fiaijmizmiJi-^ {>cr,x-h^^tmmti- 
2 izm&commi^fs. 

mm. 40 
xit 5 iz^m<r>^mm&^mm. 

[000 1] 
[0002] 

[0003] ^^Uiia{C(402llSrrJ:^t. ^^U 50 
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3 y h n- 7 7 <7)n V y K ^ o -y ^ tii^jS^ (invy H 
^o-y^'fI-f-^7 0 1 3-?yHTK^;^ai:?j}S^fc 
3vyKrHWXfi-^MSf7 0 22:mmJiig?L, :< 
ij r? y h n-7 7(?)t-:? ^J'n -y :? A^JS^ Kr'-^ 
^O7^'fi-^7 0 5^. T-^Atii:'j«^(Cr-:5'M 

-f«aP7 0 3Sr-?-ftm^t, ^ti'ocofi^iaffift^a 
[0004] ia2ic7s-r;<^'j^a(;fflv^i>^3ft(^¥^ 

fl:ieii^ai{±04fc*^J:^t. 3J-7yH^'D-y^A 

11 t^M^^iit rtSP^-? y H ^ o «y ^'fi^ 1 

0 1 1 , THl/Xnvyh'A^S^Sl 2tS^L^^I*I 
gpavyFrH^xfi^i^l0 2i:. H^miOlR 
lA'l 0 2*>4>«Ofi-^^A^Ji:t-C. DRAM^ybo- 
;Mi^iaSP10 6RLfp^xy5/ ( 1 atency)«li 

fflift^ili 0 7(cfi^^tfl:)3-r^avy FTa-^2 
DRAMayM3-;Wi-^ISP10 6*»<;><0fi^Sr 

A:*] fc tT . T—s^Xinm^m loa^if Lxm^ 
$Aai:'iti>DRAM^^y3fc. f—^Atim-mi 
sizmmttzmT-^'xm^mo 
x-ntLx. f~9x\i!,-hm^mm- 1 o s tcT-^«# 

&{B^}i-5r-:J'7'yf-[lIK6i:. r-:5'^'n-y :5'A::'J 
ffii^l 5tfgggL^rtg|5T-^?D.y^fS-^*|l 0 5*- 
'^><7)fl^S-A:'jhL-C. DLLifJ:J3^i^S-F I FO^^ 
U4fcffi:^3-ri.DLLI5IS&8fc. DLLaj:^]fi^8 0 1 

XlA'r- :5'Aai:/j«-^ 10 82: A^iirtT. DLL|li:Jj 
ft^SO 1 <r)9x^-y9:si'v'Ji,zhh'^Xf~9mmT 
1 4 {zfyUr—?^-}im^m.f^ 1 0 4 Sr 
:ft-tTaj^|-tl.F I FO^^ y4i:*-i?,ffi«StlTV^ 

[ 0 0 0 5 ] 04 ^.zir.-m^mmmi'^w.o^wmm 

■t^Wtl^m.KryVA'ryi^ (latency) 

3" (cisst/iii^T'S)!., me<,zi6^ihmmB 

(4, T-^5'A^11^I^I^^II!¥108. avyK^'D-y^'fi 
#J»70 1. a-^yVTYl^X^^m^l 02, T-^ 

ft-^1^117 0 3. T-^^'U-/^'ft-^ll7 0 5, DLL 

ai:^ft-^8 0 lco-?-ix-?"ix;^^U3yNn-;P3g. 
^ty«. 3l«^^'J«T-c05ftJg^S^L.TV>S. 
[0006] 

{^mm^Li. 0 b-tmm] ll6*>f,BB'i,*^'5rJ: p 
{3, p<^yayhD-v7iOj6»iOiti^#ieiiJISU:: 
fcv>T. ^ty3ybo-7S-C<4. nvyh'Th'i'X 

fi-f-i^H? 0 2 y - K 3-7y H*-'t- ^' d -/ ^ 

7 0 5 y - H T- fc LT tii^J-t I. S W 1/ 
ryi^li" 4" X'h^AK ;<^y3yNQ-5 7c^3M 

<oi|i^*iBt^sn:fev^'C{4. v-^-fyxJi" 5" x 

[0007] Za)Ztii. Unyhn-^7<7)3S3g 



3 

[0008] ttc.mA izm-tmm(^^miiim 
n- 7 7 p^<^mm^zm t t u - h ^ v y k srjMfi-t i. 

[0 0 0 9] ^m^8-l 94 6 0 3-^<i^fgtCgB 
F I FO^^*)comz^ T-^<r)mm}m^\^±tt: 

[0010] wmr>ms&. w^ffi^mmi^wn 

U-^Tyi^ (latency) t:m&'thZbizX':> 
[00 11] 

7(7)a-7y\'^n^y^tiii}^iza'7y]i^'avi:^mn 

m^. ■=i^yvTYuxn!,:hm^i<za-?yYr\iU7.m 

-9';xiv';\mm:. T—^va&^m-^ZT—^m^ 

im^^h-^mmx.x. z.h.t^<^m^\z'm.<^ 
^*ieii^s&ii?ijfc«M LAc^ ^ 'J ^m.zii\^x . ff 

^ U 3 y h o- 5 Affi^J-r 3 v y K if a -y 

[0 0 12] Sits MlSl^'f Tyi^PM$Jffll#S(i. s? 
IB^^ 'J 3 y yn-vt-'^<nmt^WW^W:>W& 

[00 13] friei-^xyxiiiissiffli^ati. fr 

fe;<^ Uny hD-7*^f>^or7vy H:7n-y^^-^ta 
V y F r K i: tc* -^T r 3 - H $ii5t U ^ f- 

U ay hD-7(w^ttl.iE!itcjet:7tW^T-yxc7)|BS 

[00 14] S/c, Hgiei/>f TVi/PSSilW^SJi. |!( 
lE^t U 3 y h a-5*>^>oa vy D .y :^^t-f 1 3 
vy KT h' u^^ft-f-i: 1=S-:Jv^Tt 3- H u-f r 
yi^Slffilft^t. Bfn5T-^i?n>y^'fi-^*>/i><7)r- 
rJ' ^' D V ^'ft-tiwS'Cfv^-Cfcli:*] D L Lfi-^i: 2:A 
:fttL-C, ^f4sE<^£a«0^*Ur;yhD-7(=Stf 
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\oo\s\^fz. mie-r-^ai^j^gji, frieD ll 

[0016] suffix- ai:^]*Stt> n -y lal^g^tO 
[00 17] 

\wmmmmm.\ imm:>Wk<n^m&mz 

10 i'JiJiHB^^. 

[00 18] mmm.\)mui.im^<nwmm 
wrM^wm^wk^-^^^m. 02 (i. *^Bfl 

[0019] 02 tS^^J: 3 1 1 

^USBJi:. ;^ty3yha-5 7c7)3vy h';5'D-y^' 
^■)Mf\,z^-^yY^'o-,^mwio\^. nvyh' 

r Kl-Xffi^)ffii^t3^y K7'Fl-Xfi-fi^Sf7 0 2 ^ 
^'A:^3a?(CT-;5':?a'/:?{i#*S7 0 5&, r-rJ'A 

ai^jss^(CT-^^i#«sf7 0 3^-eh.'f<i«^t. i 

[ 0 0 2 0 ] 0 2 tCS^t-;^ ^ 'J liatfflV ^1) 

hmm!^m.utmmm.h\.x. ^^ryayh 

n- 7 7 c7) r? V y H n -y 1 3 -7 >- K ^ n -y 
^-^^7 0 12:. 3vyb'rh^xai:'34ffii^tc3vy 

YrYvxmm^ioi-k^i\.^ixmt\.. f-^^ 

30 n.y^'A:>]^(CT-^'i?a.y^«#ilS7 0 5?-. t'- 
:J'Atl}:^lffil^(-T-^'^^*aiSf 7 0 3 Sr-ettm^i^t 
C:tLi^,«0ft#ilSf7 0 1-7 0 5{=l^JCfi?^UT 

1-705 <^^\'m:&^Wf^ ^^)^yYu-vi 

tcAai:'Jtl. 3 vy H d >y iS'fl^&Vr'- d -y ^' 
M^J§jftm^ig;i^*^tcv^ xy^-S-SHSSllffli-rs 

[002 1 ] i-ff-yi^PSSilffP^lftsti;, ^t'j3y 

40 h D-5 7 *»4.<^)^«ciei^a 1 e^ggfBllcjE tX . ^ 
* ij 3 y h 0-5 7iOT-^'A^lS»±T««-^f«e 

'mm.icou-( Ty'>imm-t^ xdiiZ^j:r>x\'^^ , 

[0023]S1<OV^ T^S^PSWIiiP^a 5 
ti. ;^^:U3yho-5 7*»(boa-7yF^'o-y^'fi-t 
1 3 vy h'T H U^fi^t ^=S^\,^■CT3- K $iiJt U- 
-fryxSlffllffi^t, r-:5'^'n-yi7fi#JI7 0 5*>^> 
Or-;?^'n>y^'ft-fi:SrA:»]i:L-Cs ^Mfil^fi 
50 KOyi^V^yhn-ylizM-ThmtliiZfSttil^^T 
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(FI F0><^'J4) titiJ^|-t^J:3tC5Sr-?TV^S. 

[0,0 2 4] ttz. m<7)v^Ty'^m^m^^5<D 

*><!,<^r-^^ n >y ^'^i#^c^-^v^•cti}:^I§^tl. D L L 

fi^8 0 1 1 i: Lx . ^mmmE 1 ^ u 

Mfflffl^;±J:^j^D-y^fi^SrT-;5'ai^)¥a(FiF0 10 

C0 0 2 5]*3^BJiOT-^ai:>7^St±. ^Dvi?|3I« 
^OF I FO^^ y^iSV-'tfeD, ISacTJU-^ryv-tS 

I., 

[ 0 0 2 6 3 *l|BBc^:S«£fia(?:^J©^« 1 1 LT 
[0027] 02 t^'t;^^ USIgtzfflV^|.*^BBW^ 20 

:^A:?jSi^l¥l 2tT-^A;'7Si=-1Sfl 3i:f-:?ffi:>j 
^ 1 4 tT-^ o V ?'A:'3JSi^ 1 5 ^m-Cl3 D . 

3-7yHT3-^^2fc. DRAM^=E'J3t. 
T-rJ'^^yf-IalSSei:. 1/^ ryi^fJI»llIffi5 1 , FI 
F0^tll4i:$-^-LTV>&, 

[0 0 28] a-eyKTa-:/2(i. n-?yKA*«^ 
1 lt«8!L!tra3vyF^O'y^ft-fi^l Ol*»/i, 
coavyF^D-/^7fi-ti:, nvy FT Fl^;^A:>3«? 30 
ifl 2{C«g?Ucra3-7>'HrH^X«^iSPl 0 2 
*>;i><03vyKTF^Xft#i:S:A:^]i:LT, DRAM 
3 y h n-;Wi^J|?^ 1 0 6 1 u-f l 
0 7 i (cti^Srttl^j-r.?. i d Cc^f -:>TV'>S. 

[0029] DRAM;<^ri; 3li. DRAMnyhn- 
fiM^WS^l 0 6*>f)<oay hn-;Ni#&A^it L 

[00 3 0] V-f -ryv^JiSfHISSSti;. t—^^xi v^ 
Xi]m- 1 5 C«^U;trt»T-^' ^ a «y ;?it^|g 1 0 40 

10 7*'^>c7)V^ryx^i-^i:S:A:^i: LT. iH^J^a 
"/iJ'ft-fIS 1 0 9 l=T-^'Mfflifi-f $tB*-f I. J: •a (==5: 

[003 1] F I Fo;<^u4Ji. m^^a-y^m^-m 
1 0 9 i}-h<DT-nmmii . f-^Kmm^mm 

lOSA^'c.cOT-^'d^i:, l*ll«3vyh-^'D.y^'{i^ 

X. ilS§iTJtU-<ryj^cOT(=r-:J'«-t^T-:J'ai 

1 4 L/cl*IgJT-:?ai:^m#gtP 1 0 4 50 
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[0032] ■y^mSSeJi. T-^'A^lilgl^l* 

1 3fc«gSL^i*ia57-'-^'A:/]fi-^Pl 0 3t^h<r>r 

-^rn^b. l*iai3VyKi?D<y:7ffi^t|l 01*^^>«0 

a-7yh'^nv^m^tSrA:'li: LT, P^iSr-rJ'Atii 
*fi-^ 1 0 8tCT-:5'fi-t2:aJ:t)-f I. i p fc=5:-?TV^ 
I.. 

[ 0 0 3 3 ] a 1 [zm^^^ncnmsm i kcks^ 
[0034] m5^zi5i,'rmmMii. "f—^K^^m 

■^iSSflOS, 3'7yF^'D-y^m#||70 1, 3vy 
h'T K L-Xft-f ||Sf7 0 2 , f—^m^l 03, T 
-^'i7n-y^'m^i^7 0 5c0fl#, at/DLLtii^lfS-f- 
8 0 lo-eix-r^i^t yayhn-;HS, ;<*y3yh 
n-yl'ioigsa. y r2 y h a~;Ur)jii«-CfiO-a}B^ ^ 
L.TV^|,, iC:T-avyKi?n>yi?^i^7 0 5(i^^y 
3yhn-9^B*^^>^^y^gS^^, t'-^^'D-!' 

^ y ga3isss*»';>^^: y 3 y h o-ygs^ 

{mthn-WM<^^'o-yi;m^x'hh. ti, t2{i 

3 V y H :7 n V ^ fi-t 7 0 1 <7)#;>< ^ y JIBA^jST'O 

aa^sS'^L-cfco. t3. tA\,i.T-9-!'x3-,^m 
^70 5<7)^^:y«. at/^^ynyhn-zi^igsg-c 

(OA^bSTO^vy V D -y 7 QltT-i^^u 
y^'fi-^7 0 5 kcOB^Bm^^^LT^^I.. Ltif^-oX. 
iSSicO^ * y 1 y - K T -b XCO^ ^ y 3 
y f n- 7 4g^±T'i03-7y Yt-h')-Y r-nmt 

t dN = t 1+ {^-fryi') +t6 +tl 

= y^-) +t i + t i + t6 

/i/vfL teti (2xt2-2xt l + t5) 

Tx-m-itzht'o nmfiz'm^ ^mm.i'^m-YT 

tdF = t 2 + (U-Yryv-) +t5 + t2 
= (Lz-^T^i^) +t2 + t2 + t5 

[ 0 0 3 5 ] 0 1 fc*-t;'<^ y ^IS^mv^-S3|5|g0Hc7)^ 

mmi.zmh^mmi'^m. 1 o3-7y f o >y a:»3 

a^l ltC{±. 3VyF:?Dyi?fi^*S^ty3yFO 

-97*>(^>3vy F^'n7 ^'fi^iS? 0 1 ^rrt-t-CA:^ 

'!-c03vyF^D-y^'fi-^{i. rtgP3vyF^'a-y 
^fi-^1 0 1 ^:rt-L-r3vy h'T3-^-2 tA:'3-r 

[0036] ^mmi'^mm.icon'^yY^U"/ 
^X-n^'f-M 1 2 tcJi , 3vy F r F i/xft-^*^^ ^ y 

3 y F a- 7 7 ^> 3 V y K r F l';^fi-^Sf 7 0 2 Sr 
itLXXiJL. -eiOnvyFTFl'^fi-ttt, rtSPav 
y F T F UX^t^i^ 1 0 2 LT 3 vy Ft3-:/ 

2tA:'3-f^. 

[0037] 3-7yFT3-^2«4. |*IgP3vyK^'0 
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;^fl#t5rA^)i: LT. DRAM3i/ho-;m#ay: 
-f (latency) Umm^i^tl^fl^ 
ts DRAMay hn-;t/M-^^DRAM3yhn-;U 
fi^*ll¥l06t. Wr^i^ ( 1 atency) Mffl 
m^^i^^T-yi^ ( 1 ate ncy) ®J«r^i■f*SSl 07 

[ 0 0 3 8 ] i/c , ^^letl^M 1 OT-^A:»34Si^ 
1 SlZii. T-:^m^im7 0 3>!)^^>T-^*^A:>7 L. 10 

[0039] T-^7-/^[11856!i. rtgf3vyHi?n 
'•/i'mw^ 10 1 vy K D •/ :?fi#ta-cfv> 
l*ia5r-:J'A:']«#ili5P10 3*»/^,«OT-^'&7-y 
^t, T-^7 7^IIIS§6{i, T-;?'^-x^lBl^f*(ci*l 

[0 0 4 0] DRAMy*»;3Ji, rta5T-:J'AtfJ:fjft 
-fm 0 8*^^>OT-^fi-f5:ieiSL, DRAM^y^ 
u-fim^^ 1 0 6 t«-:JV >T . iSli LT I ^Jt T-:? fi-t 20 

[004 1] iClT. ta!*MTfi04icS^fi-pt. r 
_^^n>y^'A^)«^15 tcf^i? L/irtlPT-'-^ Q "/ 
i?ft^ 1 0 5 t^i^cr>{E^I>zm-^\^X D L LEI&B iZX 
DLLai:ftffi^8 0 l^raJi^ltTfeO. FIFO><=E'J 
4(S, DLLtli:^fi^8 0 10^'n-y:^'X>yi^'(:$>t.-y: 
rtgBr-^'Aai^lfi^i^l 0 8*-^>i7)T-^'fi-fS: 
r- 1 4 (cai^i $ -lirT V ^ i, . 

[0042] L*>L^**4>, m4iZ7^tn^Tii. m 
7*>ii>oifEartf6)^>-f. ^^y3y^o-77<0T-:^' 

[0 0 4 3] -eif. ^^mmmmrii. mi.(^ 

^*ieiillS 1 £7)>t^ U 3 y h 0-7 7 tC)ittSSEiSifc 

0 (c. U-^ ry v$iJffllIlISS 5 tc J: O . ItiCO^frlBli 
^SlO>><tUr7yha-7 7(cW1-^IEMtcjBt-CU 40 

[0044] ^^m<rmmmmTii. ^ t y 3 y h n- 

aicOU^Tyi/*)fflIIIlS§5{l. rtSPf-^'^'n-y^fi 

HWi-tHl 07*>^>coWT>>*JfflHl-f t&A^lt t 
•C, ^»*iS'ISgai«0^^Uayhn-97tW-ri. 

mizistfzi--i Ty=^mmmmi^^i¥imim 

l»K:ff^rv\ il}:^3^^■y^'^t^^l 0 9tT-^'M«i 50 
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[0045] :^wM<^mmmi.zmhF I FO;^^ u 

bP^zi-?yv^ay ^m^m^ 1 0 1 >&»^> co3vy K 
;?D.y^7^1^i(^S-:^v^T. r-:5'Atti:'3ft^ill¥l 0 
8A^<i,^of -^fi-f SrT-^'aj:tiS^ef 1 4 (3ai:>j1- 

[0046] Lfzt^-^ X . :^mcmmm i x-a. ^ 
mmmmm ico:<^'j^ yY—)i'7izntimnz 

f-mmt. mm^tu^i^^ Ty'><7)Tiziii:frr?>^ 

[0047] ttchib . m 1 ^z^-^^^mmmm i 
mh^mw-wmw. 1 xu. rtsea vy kt k \^xm 

1 0 2 *»jJ,<7)a vy KT F l^^fi-^KSo-V^-Cig 

^^ititU-^ryv' (latency) ^iol/^r^ 

'ymmm ( ry i^fifflift^ 1 0 ixm^ixh ) 

n-9 7c7)3S«i7)i|£^f^cieii^g 1 cT)!^^ ryi^^^iR 

tr 4" tcis^L. '&^<^^mmm.\(^^^Ty 
'^^mur 3" j3i£S-f^T-:5'SJ»fi#^ F i fo 

P^* U4t-f-n'fiiaj^jL. #F I F0P^t»J4 
(i, V-<ryi^$ijW[IIS^5(cJ:-o-CWSS<)ffli$fi7tV'^ 

[0048] -eClT-. iliS<^^^r'J^!ll^L'>fT>'J^ 
= N 1 (wi§^t!t^coy-HT-^'<03Sllt:***»S«f 

tdF= (Nl) +t2 + t2 + t5 
T*!. . S 5 HJiTt b 1 = 3 T<rm^X}<^ 'J 3 
yha-7S-C4T<tdF<5T-e*)0s ;<^iJ:3y 
Va-yl (r>X1l^hX'VATyi^=5X'hhZ.b^ 

t dN= (N2 ) +t 1 + t 1 +t 6 
TS)^, ::<7)<i*>^JiigPi:|5l«t. 4T<tdN<5T 
i:=5:l. ct ^ tci5S<^^ * 'J^S 1 COW 2 Sr;^ 

y)S C: i: -C;^ t »; 3 y b A:^3SSi='±T'<!9^'f r y 
i/Sr5{C-?-^xS»*^'T'#S, -PtOs (2xt2-2 

xt i+t 5) im^Txm->fz^ (wm'rt) 
^ y mw<r)U-{ Ty">2:;<^:';3yh d-7 a:^« 
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